Peat bogs are unique and important habitats for biodiversity at the species and ecosystem level where low pH of water plays a major role. The main objective of the present study was to compare the benthic diatom assemblage structure of the selected part of the Fenn's and Whixall Mosses complex in order to verify whether selected sampling sites differ from each other. The complex is a cut-over, lowland raised mire, which is a National Nature Reserve (NNR) and a Site of Special Scientific Interest (SSSI).
INTRODUCTION
Peat covers nearly 10% of the British Isles, i.e. around 2.7 M ha, nearly half of which is located in Ireland, where the combination of wet climate and poor drainage provides an ideal environment for peat bog formation (Pringle 1994) . There are many different peat formations occurring in the UK. The main ones include mires which are wetlands with a substratum largely composed of peat consisting of accumulated remains of Sphagnum species occurring at the site. One of the possible classifications of mires divides them into two types, ombrotrophic sites, which receive water solely from precipitation (rain, snow, fog, etc.) and are generally poor in nutrients and minerotrophic sites, which additionally receive mineral-rich groundwater (Berry et al. 1996) . The Fenn's and Whixall Mosses complex is a cutover, lowland raised mire, which is a National Nature Reserve (NNR) and a Site of Special Scientific Interest (SSSI). Many different kinds of floristic and faunistic research have been conducted in this complex. Diatomological research, however, was conducted there only partially by Bobrukiewicz (2009) and Szulc (2011) . Due to the continuation of the research, it will be possible to enhance the knowledge about the ecology of the selected area in the Fenn's and Whixall Mosses complex.
Diatoms are a group of microscopic algae abundant in almost all aquatic habitats and one of the most important organisms which can be found in peat bogs. Moreover, because of their siliceous frustules, they are often very well preserved in fossil deposits (Stroemer & Smol 1999) . Diatoms are almost ideal biological monitors. There is a large group of ecologically sensitive species, which are abundant in nearly all habitats where water is at least periodically present, and their remains are well preserved in the sediments of most lakes and many areas of the oceans, as well as in other environments (Stroemer & Smol 1999) . A large part of diatoms is very sensitive to several environmental factors, such as pH, temperature, organic pollution, nutrient concentration (nitrogen, phosphorus, silica, carbon, iron). They are used both in hydrobiology for water quality assessment and in paleoecology for reconstruction of past conditions in given geological periods (Rakowska 2001a) . However, when using diatoms as indicators of the ecosystem ecological state, it should be remembered that many species can have a clear optimum for one of the environmental factors but at the same time − a very high tolerance to another factor. That is why it is wise to base the interpretation on the composition of diatom assemblages rather than on the presence of individual taxa (van Dam et al. 1994) .
Not much has been written about research into recent diatom assemblages within pools on peat bogs in the United Kingdom. The vegetation and history of the Fenn's and Whixall Mosses were described in details by, inter alia, Burton, Hodgson (1987) , Jones (1993) or Berry, Gale, Daniels, Allmark (1996) . This paper aims to enhance the knowledge of the ecological state of Fenn's and Whixall Mosses and diatom assemblage structure found in the pools of peat bogs.
MATERIAL AND METHODS
Fenn's Moss is situated on the Welsh side, and Whixall Moss on the English side of the border (Horton, 2004) (Fig. 1) . The Fenn's, Whixall and Bettisfield Mosses complex is a 575 ha site located between the towns of Whitchurch and Ellesmere linking the two counties of Shropshire and Clwyd as it crosses the English/Welsh border (Pringle 1994 There is at least 3.9 m of basal fen peat on Fenn's Moss (Burton & Hodgson 1987) , which consists of about 2 m of mixed reed and woody peat over approximately 1.5 m of reed peat, with a black layer of reed and woody peat at the base. These fen peats are covered by 1 to 2 m of cut-over EriophorumSphagnum peat. In the north of Whixall Moss, sand is the dominant substratum. In this area, the basal fen peat comprises about 1 m of detrital woody peat with a thin black humified horizon at the base. This sequence is also found in the southern and western parts of Fenn's Moss, which were partially covered by a dense birch scrub (Burton & Hodgson 1987) .
A specific flora that is characteristic of acid peat bogs occurs in the Fenn's and Whixall Mosses complex. However, plant communities on the Fenn's and Whixall Mosses complex have been significantly altered by the human use in the past. Drainage has caused the loss of all mire species from many peripheral areas of Fenn's and Whixall Mosses, and often other species such as conifers or agricultural grasses have been deliberately introduced to convert the peat to different land uses (Berry et al. 1996) .
Six sampling sites (denoted 8.2, 8.4, 12.1a, 12.1b, 12.5, 13.3; see Table 1 ) were selected from within the whole area of Fenn's and Whixall Mosses (see Fig. 1 , Table 2 ) based on the pH range, determined pollution levels and the way water is fed into the site at different locations in this Mosses complex (e.g. ombrotrophic or minerotrophic). The sampling sites follow the Natural England numbering scheme of different sections and sub-sections (Daniels 1998) . The depth of the selected sites ranged from 0.5 m to about 1.5 m. Sites that have not been exposed to human impact (13.3, 12.1a, 8.2, 8.4) Altogether the diatom analysis for this study was based on 72 benthic samples. Benthic samples were collected using a single volume pipette (25 cm 3 ) and pipette filler. The collected material was poured into containers with lids (100 ml). Values of pH and temperature were measured using an electronic pHmeter with thermometer (type: WTW pH320). The collected samples were subjected to chemical reactions using a mixture of 40% chromic and 98% sulfuric acids to erase any organic contamination from the sample and to remove the organic cell contents so that the frustules (the siliceous cell walls) of the diatoms were empty (Siemińska 1964) . The permanent slides mounted with a drop of Naphrax® (with refractive index R.I=1.73) were identified to the species level as shown in Table 3 .
Methods applied by Rakowska (2001b) were employed for qualitative and quantitative diatom analysis. The percentage of identified taxa was calculated on the basis of 400 individual valves (Rakowska 2001b after Cholnoky 1968 counted in one selected line on a microscope slide at a magnification of 10 × 100 with immersion oil. Frequency of the identified species was calculated on the basis of Braun-Banquet's scale, where the 1 st class is for rare species (present in less than 20% of samples), the 2 nd class − not very frequent species (21% -40%), the 3 rd class − moderately frequent species (41% -60%), the 4 th class − frequent species (61% -80%) and the 5 th class − permanent species (81% -100%). Shannon's diversity index was used to analyze the diversity of benthic diatom assemblages.
Permanent slides were examined under a Nikon Eclipse 50i microscope. A measuring eyepiece 10× was also used. Studies by Krammer and LangeBertalot (1986 , 1991a , 1991b ; Krammer (2000 Krammer ( , 2002 Krammer ( , 2003 , Lange-Bartalot (2001); Lange-Bertalot and Metzeltin (1996) ; Lange-Bertalot and Genkal (1999); Taylor (2005); and Siver et al. (2005) were used to identify diatoms under the light microscope.
Statistical analysis was used to classify the diatom samples and to observe the structure of diatom assemblages, and to verify whether the selected sampling sites differed from each other. Samples were classified using Cluster Analysis (Ward's method, Euclidean distance) and the obtained clusters were presented in the dendrogram. Each sample was marked with a specific numerical code e.g.: 0810s13.3, where: 08 -refers to a given year (2008), 10 -a month (October), s -a sampling site, 13.3 -a mean number of a sampling site. In order to show the relationship between the identified species of benthic diatoms and selected physicochemical parameters of water, analysis of non-parametric Spearman's rank correlation (Zar 1984) was performed.
RESULTS
On the basis of the benthic diatom research conducted at selected sites of the Fenn's and Whixall Mosses complex (UK) from September 2008 to August 2009, a total of 92 species were identified in the collected samples. Altogether 26 diatom species were identified at site 12.1a, 47 diatom species occurred at site 12.1b. There were 58 species reported at site 12.5 and 42 species at site 8.2. A total of 31 species were identified at site 8.4 and 25 diatom species occurred at site 13.3. The list of identified diatoms with their abundance and frequency is presented in The analysis of the diatom assemblages' diversity showed the lowest mean values of Shannon's diversity index at two ombrotrophic sites no. 13.3 and 12.1a with the pH range of 3.32-3.95, which were not exposed to domestic pollution. The highest mean values of the index were noted at minerotrophic sites no. 12.1b and 12.5 with the pH range of 3.95-5.40, and possibly exposed to domestic pollution (Table 3) .
Different monthly samples collected from each of the selected sampling sites at the Mosses complex were classified on the basis of their benthic diatom composition using cluster analysis (Ward's method, Euclidean distance). The results of this analysis grouped the data set into three clusters with twelve samples in each cluster (Fig. 2) .
Samples from sites 8.2 and 8.4 were included in cluster I, those from sampling sites 12.5 and 12.1b were placed into cluster II and those from sites 13.3 and 12.1a were included in cluster III. When analyzing the structure of samples included in specific clusters, it has been found that cluster I comprises samples from the minerotrophic sampling sites which were not exposed to domestic pollution, cluster II comprises samples from the minerotrophic sites which were possibly exposed to domestic pollution and cluster III − samples from the ombrotrophic sites which were not exposed to domestic pollution.
In order to show the relationship between the identified species of benthic diatoms and the selected physical and chemical parameters of water, the analysis of non-parametric Spearman's rank correlation (Zar 1984) was performed. Among all 92 diatom species identified in the selected peat bog pools in the Fenn's and Whixall Mosses complex, 20 species were statistically significantly correlated with pH of water (Table 4) . Two diatom species − Eunotia paludosa var. paludosa and E. fallax var. fallax -were most strongly correlated with pH of water. It has been observed that the relative abundance of both species increased with the decreasing pH of water. It has also been found that the maximum abundance of both taxa coincides with pH ranging from 3.2 to 4.2.
DISCUSSION
Peat bogs are specific and unique ecosystems where low pH of water is the most important factor. Due to extreme conditions peat bogs are important habitats for biodiversity at the species and ecosystem level (Herbichowa 2004) .
Altogether 92 diatom species were identified in the selected sampling pools. The differences in the diatom-flora between the selected sites were related mainly to qualitative composition of the diatom assemblages. The highest species richness was noted in the sampling pool with the highest range of pH values (pH=6.27), i.e. site no. 12.5 (with 58 species). This can indicate a strong correlation between pH of water and the species composition, i.e. the more acid the water, the more diverse the benthic diatom assemblages. The lowest species richness occurred at sampling site 13.3 (25 species). The site is characterized by the lowest pH range (from 3.22 to 3.98). According to Battarbee (1999) , acid waters are unproductive, except the most extreme cases when they are capable of supporting a highly diverse and characteristic diatom flora. The extreme conditions prevailing at sampling site 13.3 reduced the number of species which were able to live and reproduce in these waters. However, species which can be found in such extreme conditions can be referred to as indicators of that particular range of pH. It is essential to continue the research to create a list of diatom indicators of specific environmental parameters.
In terms of their species composition, the investigated peat bog pools were also similar to Atlantic moors in the area of Białogóra and Bielawskie Błota (Pliński, Witek 1976) , the peat bog "Bór nad Czerwonem" (Wojtal et al. 1999) , the peat bog "Mokre Zborowskie" (Rakowska 2000 (Rakowska , 2001a in Poland, the Rąbień peat-bog reserve (Rakowska, Sitkowska 2010) and peat bogs in the Shara and Nidže mountains in Macedonia (Levkov et al. 2005 ). In the case of Atlantic peatlands, 12 diatom species were recorded as common for the Polish and English peat bogs, mainly from the genera Eunotia, Frustulia, Pinnularia, Stauroneis and Tabellaria, e.g. Eunotia arcus, E. exigua, E. tenella, Frustulia saxonica, Pinnularia interrupta, P. maior, P. microstauron, Tabellaria flocculosa. In the study conducted by Rakowska (2000 Rakowska ( , 2001a , 31 species were similar to the Fenn's and Whixall Mosses complex, e.g. Brachysira vitrea, Eunotia arcus, E. bilunaris, E. exigua, E. implicata, Frustulia crassinervia, F. saxonica, Navicula festiva, Pinnularia maior, P. obscura, Tabellaria flocculosa. Also in the case of 23 diatom taxa, the similarities in the species composition between the selected British bogs and the Polish peat bog "Bór nad Czerwonem" were expressed in the presence of such species as for example: Amphora pediculus, Diadesmis contenta, Encyonema minutum Eunotia groenlandica, E. paludosa, Frustulia crassinervia, F. saxonica, Gomphonema parvulum, Mayamea atomus, Pinnularia borealis, P. obscura, P. submicrostauron, Stauroneis anceps. There was also a high similarity in the dominant species between the Rąbień peat-bog reserve and the Fenn's and Whixall Mosses complex. Out of all identified dominant species in the British bog pools, 10 were common with the dominant species identified in the Polish peat-bog reserve, e.g. Achnanthes exigua, Achnanthidium minutissimum, Eunotia bilunaris, E. implicata, Stauroneis kriegeri, Tabellaria flocculosa. Macedonian bogs were characterized by much higher similarity, probably resulting from the larger number of identified species, where 53 diatom species were common with the selected bogs in the UK, e.g. Achnanthidium minutissimum, Amphora pediculus, Cocconeis pediculus, Cymbopleura amphicephala, Eunotia arcus, E. bilunaris, E. minor, Frustulia crassinervia, F. saxonica, Gomphonema parvulum, G. truncatum, Lemnicola hungarica, Pinnularia borealis, P. obscura, P. viridis, Stauroneis anceps, S. phoenicentron, Tabellaria flocculosa, T. ventricosa. When analyzing the structure of the benthic diatom assemblages and their spatial differentiation, it clearly appears that the samples were grouped together and allocated into 3 main clusters. Samples from sites 8.2 and 8.4 (minerotrophic sampling sites with the pH range of 4.83-5.89 and not exposed to domestic pollution) were included in cluster I, those from sampling sites 12.5 and 12.1b (minerotrophic sites with the pH range of 3.95-5.40 and possibly exposed to domestic pollution) − into cluster II and those from sites 12.1a and 13.3 (ombrotrophic sites with the pH range of 3.32-3.95 and not exposed to domestic pollution) − into cluster III. Such a clear division of the sampling sites into three clusters clearly shows that pH of water affects the species composition and the diversity of benthic diatom assemblages.
Taking into consideration the preferences of individual taxa for the water pH, it has been observed that pH can be considered as a factor limiting the distribution and abundance of many diatom species. The examples include Eunotia paludosa var. paludosa and Eunotia fallax var. fallax, the abundance of which (according to statistical analysis) clearly increases with the decreasing values of water pH. It follows that the above-mentioned species are typical acidobionthic and acidophilous species. Their acidophilic character corresponds with the results obtained by Dixit et al. (1988 ), van Dam et al. (1994 and Rakowska (2001a) .
